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CHAPTER - I 
GENERAL INTRODOCTION 
Analytical science, or more particularly analytical 
chemistry has emerged to be among the most interdisciplinary 
branches of scientific knowledge. It is an area where 
precision, accuracy and speed are most important, and 
approximations are often not good enough. It requires fine 
techniques of detection and quantification as the knowledge 
of very minor parts of a matter is more important than that 
of major components. 
The role of analytical chemistry in environmental 
analysis and process quality control, deserves special 
attention. The critical problems present a great challenge 
for analysts; they have to provide more information and to 
improve the quality of the required information in terms of 
better precision, lower limits of detection, faster 
availability etc. 
The analytical chemistry is concerned with techniques 
employed in chemical analysis. The analysis may either be 
qualitative or quantitative. The qualitative analysis 
involves the study of physical/chemical properties (quality) 
of analyte substance while the quantitative analysis is 
concerned with the amount (quantity) of the substance. The 
increasing analytical problems demand advancement in 
techniques for their solution. As a result, numerous 
instrumental and non-instrumental analytical techniques have 
been developed, e.g. gravimetry, titrimetry, solvent 
extraction, spectroscopy, polarography, potentiometry, 
electrophoresis and chromatography. 
Chromatography : 
From historical standpoint, chromatography was 
originated with the Runge's experiment on capillary analysis 
and Davy's observations on the compositional changes in 
crude petroleum when it came in contact with rocks 
displaying absorptive activity. But, an enlightened approach 
appeared in 1906, when a Russian botanist Michael Tswett 
published two papers (1,2) on the separation of plant 
pigments (petroleum ether extract) using calcium carbonate 
as stationary phase. Due to the colourwise separation, the 
technique was termed as "chromatography (Greek : Chroma = 
Colour, Graphy = writing )". Tswett's work was realized in 
19 30 by Kuhn et al. (3,4) who applied the chromatographic 
principles to the separation of natural products. In 1941, 
Martin and Synge (5,6) play a crucial role in the develop-
ment of chromatography by reporting the discovery of 
partition chromatography. 
Classification of Chromatographic Systems 
When chromatography became capable of solving the 
critical analysis problems, analysts were attracted towards 
it and one by one advancements were achieved. As a result, 
numerous chromatographic systems were developed. 
Considering the different classification factors, 
e.g. nature and physical state of stationary/mobile phase(s), 
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Fig. 1.1 : Classification of Chromatographic Systems. 
GL/SC = Gas Liquid/Solid Chromatogkraphy, HPLC = 
High Performance Liquid Chromatography, HPIEC = High 
Performance Ion-Exchange Chromatography, Con. CC = 
Conventional Column Chromatography, HPTLC = High 
Performance Thin-Layer Chromatography, OPLC = Over-
pressurized Layer Chromatography, PC = Paper 
Chromatography and TLSC = Thin-Layer Stick 
Chromatography. 
Table 1.1 History of Chromatographic Techniques at A 
Glance. 
Chromatographic Technique Discoverer(s) Year 
Thin-Layer Chromatography 
(TLC, adsorption) 
Partition Chromatography 
Paper Chromatography (PC) 
Counter Current Distri-
bution (CCD) 
Gel Permeation Chromato-
graphy (GPC) 
Gas Chromatography (GC) 
Ion-Exchange Chromato-
graphy (lEC, adsorption) 
Electrophoresis 
Thin-Layer Chromatography 
(partition) 
Gas Liquid Chromatography 
(GLC) 
High Performance Liquid 
Chromatography (HPLC) 
Ion-Exchange Chromatography 
(partition) 
High Performance Thin-
Layer Chromatography (HPTLC) 
Ion Chromatography (IC) 
Over-Pressurized Liquid 
Chromatography (OPLC) 
Izmailov and 
Schraiber 
1938 
Martin and Singe 
Martin, Consden 
and Gorden 
Craig 
Barrer 
Claesson 
Mayer and 
Thompkins 
Haugard and Kroner 
Kirchner, Miller 
and Keller 
1941 
1944 
1944 
1945 
1946 
1947 
1948 
1951 
James and Martin 
James and Martin 
Samuelson 
James and Martin 
Small, Stevens 
and Bauman 
Tyihak, Minskovics 
and Kalarz 
1952 
1952 
1963 
1974 
1975 
1979 
mode of mobile phase movement (capillary action/forced 
flow), and shape of stationary phase (column/layer), chromato-
graphic systems were classified as presented in fig. 1.1. 
The chronological development of chromatography is tabulated 
in table 1.1. 
Thin-layer Chromatography : 
Thin-layer chromatography is a type of liquid 
chromatography in which the employed stationary phase is in 
the form of layer on glass, aluminium or plastic support. As 
originally developed in 1938 and still widely practiced 
today, classical capillary action thin-layer chromatography 
is an inexpensive, rapid, simple and highly effective 
analytical technique requiring little instrumentation. It is 
widely used for the separation of multi-component mixtures, 
qualitative identification or semiquantitative visual 
analysis of samples. It is highly selective and flexible 
because of the availability of a great variety of layer 
materials and wider choice of mobile phases. 
Analyte (ion/element/compound) identification in 
planar chromatography is based on its R_ value, which may be 
r 
considered as ratio of distances travelled by analyte and 
the solvent front. Both, the distances are measured from the 
point of application of analyte as. 
j^  _ Distance travelled by the analyte 
Distance travelled by the solvent front 
T ~ 2 
Where; 
R^  = R_ of leading front. 
LI F 
R = R of tailing front. 
Due to several operative factors, e.g. chamber 
dimensions, purity and flow direction of mobile phase, 
nature and size of layer particles, humidity, temperature 
and sample preparation, the Rp values are generally 
not exactly reproducible. 
Retention Mechanism : 
To understand the fundamental retention mechanism, 
following two phenomena need attention. 
I- Migration of Solvent 
To study the retention behaviour of analyte in the 
classical method of linear ascending development chromato-
graphy, the developing solvent is contained in a large 
volume covered glass chamber. The spotted plate is inclined 
against an inside wall of the chamber with its lower edge 
immersed in the developing solvent below the starting line, 
and the solvent begins to rise immediately. The solvent 
migrates in two manners, e.g.; 
(a) Capillary Flow : 
Interparticular spaces in the stationary phase 
function as capillary, through which the developing solvent 
migrates from one end of the chromatogram to the other end 
under the influence of capillary action. 
(b) Forced Flow : 
Forced flow chromatography has advantages over 
capillary flow, including independent optimization of mobile 
phase velocity, higher efficiency and lower separation 
times. The mobile phase migrates through the stationary 
phase under the influence of forced flow, which is produced 
by mechanically pumping solvent through a sealed layer 
(OPLC) or by spinning a glass rotor covered with sorbent 
around a central axis to drive the solvent from the centre 
to the periphery of the layer by centrifugal force (rotational 
planar chromatography). 
II. Distribution of Solute 
Distribution of analyte species between stationary 
and mobile phases, directly influence the retention of the 
species. There are three fundamental principles, either of 
them may be involved in a particular chromatographic system. 
(a) Partition : 
In 1941, Martin and Singe (5,6) first introduced the 
partition chromatography. Partition is the distribution of 
solute between two nearly immiscible liquids. In partition 
chromatographic techniques, the employed stationary phase is 
a liquid which is held in particles of the solid support. 
The distribution of solute takes place between solid 
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supported liquid (stationary phase) and mobile solvent phase 
according to the partition law; 
Cs K = -^=— 
Cm 
Where, Cs and Cm are the equilibrium concentrations of 
analyte in stationary and mobile liquids respectively and K 
is the partition coefficient. 
(b) Ion Exchange : 
The chromatographic technique in which the 
.itjm-exchange resin is employed as stationary phase, is 
termed as 'ion-exchange chromatography'. An ion exchange 
resin is a solid, insoluble, copolymer capable of exchanging 
ions of similar charge present in a solution. A variety of 
ion-exchange materials have been used in TLC. A table of 
ion-exchange resins and their properties has been presented 
by Dorfner (7) . 
The major types of ion-exchange layers in use includes 
: polyester sheets coated with a mixture of silica gel and 
anion/cation exchange resins with an inert binder (Polygram 
Ionex-5, Machery Nagel), polyethyleneimine cellulose (PEIC, 
prepared as a complex of cellulose and PEI), 
diethylaminoethyl cellulose (DEAEC, chemically modified 
cellulose), mixed layer of DEAE cellulose and unmodified 
cellulose etc. 
(c) Adsorption : 
In adsorption chromatography, the employed stationary 
phase is an adsorbent such as alumina, silica gel, molecular 
sieves etc. The surface of an adsorbent has rigid structure 
and free valencies to make the chromatographic technique 
useful for separations of geometrical and structural 
isomers. In adsorption chromatographic techniques, the 
retention behaviour of analyte substance depends on 
adsorption coefficient, which can be determined as; 
I - F V 
^ F tl 
Where; 
KJ = Adsorption coefficient. 
I = Initial concentration of analyte, 
F = Final concentration of analyte. 
V = Volume of solution. 
M = Mass of sorbent. 
History of TLC 
In 1966, Pelick et al. (8) presented a tabulation of 
significant developments in TLC and provides translations of 
the classical studies of Izmailov and Schraiber and of 
Stahl. In continuation, the history of TLC was reviewed by 
Stahl (9), Heftman (10), Kirchner (11-13), Jork and Wimmer 
(14) and Wintermeyer (15). Countable achievements in the 
history of TLC are enlisted below; 
1. In 1938, Izmailov and Schraiber (16) separated certain 
medicinal compounds on unbound alumina thin-layers by 
applying "drop chromatography". 
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2+ 2+ 
2. In 1949, Meinhard and Hall (17) separated Fe and Zn 
on microscope slides coated with a mixture of alumina 
(sorbent) and starch (binder). 
3. In about 1958, E. Stahl (18,19) coined the term "thin 
layer chromatography" and standardized procedures, 
materials and nomenclature, involved in TLC. 
4. In 1965, Przybylowicz et al. (20) discussed the 
importance of precoated plates, 
5. In 1975, James and Martin modernized the TLC, as in the 
form of high . performance thin-layer chromatography 
(HPTLC), which is a highly instrumental technique, 
carried out on efficient, fine particle layers. 
TLC Procedure 
The entire methodology involved in qualitative/ 
quantitative thin-layer chromatography may be summarized in 
the following steps : 
1. Sample Preparation : 
Sample preparation procedures for TLC are similar to 
those for other chromatographic techniques. The solution to 
be analyzed must be sufficiently concentrated and pure so 
that the analyte can be easily detected and separated as a 
discrete, compact spot/zone. Relatively pure samples or 
their concentrated extracts are generally be spotted as such 
for thin-layer chromatographic analysis. However, if the 
analyte substance is present at low level in a complex 
u 
sample, solvent extraction, purification and concentration 
procedures usually precede TLC, Preparative thin-layer 
chromatography may also be used for the same purpose. 
2. Chroraatoplate Preparation : 
A variety of procedures available for the manual 
preparation of thin layers from . sorbents (manufactured 
especially for TLC) are spreading, pouring, dipping or 
spraying a slurry of a glass or plastic plate. Manually 
prepared layers should have a uniform, bright, translucent 
appearence when view in incident and transmitted light after 
drying, and the layer must form a good bond with the 
2 
support. Standard TLC plates are 20 x 20 or 20 x 10 cm and 
the thickness of dried layer for analytical purposes is kept 
to 0.1-0.3 mm. The most common thickness for analytical 
thin-layer chromatography is 0.2 5 mm. 
Some widely used sorbent . materials are enlisted 
below : 
i) Silica gel 
ii) Alumina 
ill) Cellulose 
iv) Kieselguhr 
v) Polyamide 
vi) Ion-exchangers 
vii) Size exclusion Gels 
vili) Mixed layers 
ix) Impregnated layers. 
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3. Sample Application 
Sample application is a critical step for obtaining 
good resolution and quantification in TLC (21). Manual 
spotting methods, which involve the use of a variety of 
applicators, are most frequently employed in quantitative 
TLC. 
At a distance of 1-3 cm from the lower edge of 
chromatoplate, a small volume (1-10 ul) is loaded. The 
initial zone is dried at room temperature and then the 
chromatogram becomes ready for development. 
Some chromatographers prefer to apply sample as bands 
or streaks (22) rather than spots. 
4. Development of Chromatogram 
The migration of the mobile phase through the layer 
is known as development. Below are given some of the 
development modes available for the development of 
chromatogram : 
(a) Ascending : 
Ascending development is by far the most frequent mode 
of linear development in TLC. Following sample application, 
the chromatoplate is placed in a presaturated jar so that 
the solvent is below the point of application of the sample. 
The solvent is than allowed to rise by capillary, usually to 
a distance of 10-15 cms above the origin on 20x20 cm TLC 
plate and 3-7 CTH on smaller HPTLC plates. 
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(b) Descending : 
For descending development of the plates, the mobile 
phase must be fed to the top of a vertical inclined plate 
through a wick arrangement. This technique has no 
significant advantages over ascending development and is 
rarely used except for the thin-layer gel-filtration 
chromatography (TLG) of proteins, peptides, and nucleic 
acids. 
(c) Horizontal : 
Various chambers are available for development of a 
plate in a horizontal position. A continuous supply of 
solvent must be transferred from a reservoir to the layer by 
some type of wick or capillary slit arrangement. Development 
can be carried out from one side or from both sides. 
(d) Radial : 
For radial or circular development, mobile phase is 
slowly • applied to the centre of a ring of spots in the 
middle of horizontal TLC plate. Sample components move 
outward in the form of concentric arcs under the influence 
of a negative solvent gradient that causes the rear of each 
zone to move relatively faster than the front. 
The relation between linear and circular migrations 
was given (23,24) as below : 
2 
^F(Cir) - ^F(lin) 
C i r c u l a r chromatography can be carried out with forced 
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flow as well as capillary flow mobile phase migration (25). 
No special plate preparation is required for off-line 
radial OPLC or RFC, but for on-line radial OPLC, a sector 
must be isolated by scraping the layer and then impregnated 
with solvent (26). 
(e) Two-Dimensional : 
For two dimensional development, ascending mode is 
adopted for the full length of the plate to achieve maximum 
resolution. The plate is air dried, rotated at 90° angle 
and redeveloped, usually with a second solvent having a 
different selectivity. 
Poole et al. (27) have reviewed methods for combining 
different retention mechanisms in 2-D TLC. In addition to 
above mentioned modes of chromatogram development, multiple 
(28), continuous (29-302), gradient (33,34), and anti-
circular (35) are also available. 
The mobile phase in liquid chromatography including 
thin-layer chromatography, exerts a decisive influence on 
the separation. The list of solvent systems, generally used 
in thin-layer chromatography are given below : 
(a) Organic solvents; acids, bases, alcohols, aldehydes, 
ketones, esters and their mixtures. 
(b) Inorganic solvents; acids, bases, salt solutions and 
mixture of acids and bases as well as their salts. 
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(c) Mixed solvents; organic solvents mixed with water, 
mineral acids, salt solutions and inorganic bases. 
(d) Complex-forming solvents; DMSO, EDTA etc. 
5. Detection and Identification 
After development, chromatogram is removed from the 
chamber and air dried to remove the mobile phase. The plate 
is detected to visualize the zones, followed by the 
measurement of R_ value(s) of analyte for its 
F 
identification. Some widely used detection methods are 
classified as discussed below : 
(a) Self Detection : 
Coloured substances may be viewed in day light 
without any treatment. This type of detection is termed as 
self detection. This is not widely used because of its 
unsuitability for the trace amounts of analytes, to be 
chromatographed. 
(b) Ultraviolet Detection : 
Analyte substances with native fluorescence are 
viewed as bright zones on a dark background under UV light. 
For this purpose, shortwave (254 nm) and longwave (366 nm) 
UV lamps are available for use in a darkened room. Viewing 
cabinets incorporating these lamps are also available for 
inspecting chromatograms under UV light in an undarkened 
room (36). 
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Compound that absorb around 254 nm, can be detected 
on an "F-layer" containing a phosphor or fluorescent 
indicator (often zinc silicate). When irradiated with 254 nm 
UV light, absorbing compounds quench the uniform layer 
fluorescence and are detected as dark violet spots on a 
bright background. 
(c) Chromogenic Detection : 
Universal or selective chromogenic detection reagents 
are applied by spraying or dipping the layer. Various types 
of chromogenic reagents are available for the visualization 
of inorganics and organometallics (37,38), amines (39,40), 
phenols (41) etc. 
(d) Enzymatic Detection : 
Enzymatic reactions can be monitored on a TLC plate 
and the end products can be detected. Various pesticides 
inactivate or inhibite enzymes associated with animal 
nervous tissue. The presence of minute amounts of such cidal 
substances may interfere with the indoxyl acetate substrate 
reaction, producing colourless spots on a background 
(42,43). 
(e) Biological Detection : 
Biological test procedures are useful for the 
specific detection of compounds with a certain physiological 
activity. As a specific recent example, an agar overlay 
assay using Candida abicans as the indicator organism was 
17 
devised for the detection and activity-guided fractionation 
of antifungal compounds by TLC. Inhibition of fungal growth 
was assessed with thiazolyl blue. The technique was 
compatible with diol and C^„ plates (44). 
(f) Flame Ionization Detection : 
A novel detection method for TLC involves use of a 
flame ionization detector (FID) in conjunction with rods 
coated sorbent phase (45,46). The coated rods are cleaned 
and activated and the sample is applied in a volume of 
0.1-1.0 ml, and the rod is developed in a saturated 
N-chamber. The rods are dried and advanced automatically at 
a constant speed through the hydrogen flame of the FID. The 
separated analytes on the rod are ionized by the flame, and 
the ions generate an electric current, proportional to the 
amount of substance entering in the flame. Detection 
procedures for a number of compounds, are presented by J. 
Sharma (47). 
6. Quantification 
Thin-layer chromatographic analysis,based on the 
determination of quantity of the substance is termed as 
"TLC quantification". 
Methods for the quantitative evaluation of chromato-
gram, can be classified into two categories, (i) solutes 
are essayed directly on the layer either by visual 
comparison, area measurement or densitometry, and (ii) 
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solutes are eluted from the stationary phase before being 
examined further. The development step should completely 
separate the substance of interest, and no loss of 
substance by decomposition, evaporation, or irreversible 
adsorption during application, chromatography, or drying 
may occur. Standards and samples are always chromatographed 
in the identical manner. 
(a) Visual Comparison : 
The basic requirements for in-situ quantification 
methods are as below, 
i) The area of starting spot must be the same for all 
samples and standards, 
ii) Samples and standards are chromatographed under the 
same conditions (e.g. sorbent phase, mobile phase, 
temperature, layer thickness etc.). 
iii) The R values for samples and standards of a given 
compound should be as identical as possible and within 
the range of 0.3 to 0.7 (48). 
The simplest kind of in - situ quantitative TLC is 
based on visual comparison of size/intensity of coloured, 
fluorescent, or quenched spots. This method is quick and 
requires no equipment, but results are only semiquantita-
tive (error +^ 10-30%) /Zomparison is easier on TLC plates with 
wider particles size range sorbents than on HPTLC plates. 
(b) Area Measurement : 
The methods based on the measurement of spot areas can 
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reduce the error of quantification to the range 5-15%. Area 
can be measured by copying the spot onto the tracing paper 
(and weighing) or onto the graphpaper (counting the number 
of squares). The linear relationships have been found 
between spot areas and log weight (49), as well as the 
square root of spot area and log weight (50). The exact 
relationship yielding a linear plot has been found to 
depend on the layer thickness, nature of the solute and the 
detection reagent (51). As an attempt to standardize the 
quantitative thin-layer chromatography, Mohammad et al. 
(52,53), Nanda and Devi (54), and Mlodzikowski (55) have 
established a linear relationship between the spot size and 
the amount of the substance. 
An algebraic method that avoids plotting calibration 
curves is used on the three analyses on the same plates (a 
sample, diluted sample and a standard) and the following 
equation. 
log W = log Ws + ( p=^ 7^ ) log D. 
Where : 
W = Weight of the solute in sample solution before 
dilution. 
Ws = Weight of solute in the standard solution. 
A = the spot area of solute in sample solution. 
As - the spot area of solute in standard. 
Ad = the spot area of solute in diluted sample solution. 
0 - the dilution limit. 
20 
The relative standard deviations between 3.0 and 10% 
have been reported for analyses using this method {50). 
(c) In-situ Densitometry : 
Densitometry is based on the measurement of UV/ 
visible absorbance, fluorescence, or fluorescence quenching 
directly on the chromatogram. Measurements are made through 
plate (transmission), by reflection from the plate, or by 
reflection and transmission simultaneously with the help of 
single-beam, double-beam, or single-beam-dual wavelength 
operation of scanning instruments. A simple schematic 
diagram of a densitometer is shown (Fig. 1.2). For more 
details the review of J. Sharma may be consulted (56). 
The purpose of a scanner is to convert the spot on a 
layer into a chromatogram consisting of a series of peaks 
similar in appearance to a gas or high pressure liquid 
chromatogram. The position of the scanner peaks on the 
recorder chart are related to the migration distance of the 
spots on the layer, and the peak heights are related to the 
concentrations of the substances in the spots. Modern 
densitometric scanners are connected to the computers and 
are able to perform such data handling tasks as automatic 
peaks location, multiple wavelength scanning in a variety 
of operating modes (reflectance, transmission, absorption, 
fluorescence etc.) (57). 
( d) Indirect Photometry : 
In 1954, Kirchner ot al. (58) first reported the 
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Fig . 1.2 
^ ^p r\K^^-ina^ Path For Densi tometr ic Schematic Diagram of O p t i c a l farn 
Absorption Scanning. 
lamp, D = Deuterium lamp, M = ^^ff^ury W = Tungsten 
lamp, MC = Monochromator, S 
'= Mirror , P = P l a t e , 
pri = P h o t o m u l t i p l i e r d e t e c t o r , 
I = I n t e g r a t o r . 
R = Recorder, and 
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application of TLC to the quantification in combination with 
spectrophotometric measurements. As a result of achievements 
in this field, reflectance photometry, emission 
spectroscopy, atomic absorption spectroscopy etc. have been 
combined with TLC for the quantitative analyses. 
Environmental Pollution 
The atmosphere, hydrosphere, lithosphere and biosphere 
are collectively termed as environment. It provides living 
space and other amenities to man. In addition to being a 
source of agricultural, minerals, water and other resources, 
the environment, also acts as a sink for all the waste 
produced by man. 
The species destroying the purity of the environment, 
are known as pollutants and the phenomenon of their presence 
in the environment is called as "environmental pollution". A 
pollutant may be defined as "a substance present in nature, 
in greater than natural abundance offering a detrimental 
effect on the environment and therefrom on living organisms 
and mankind. Broadly environmental pollution comprises 
water, air, land and noise pollution. 
Water pollution is a state of deviation from the pure 
condition, whereby its normal function and properties are 
affected. The major sources of water pollution are domestic 
waste from urban and rural areas, and industrial 
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wastes which are discharged into natural v/ater bodies. If 
occurs due to the presence of dissolved materials the 
water pollutants may be clasified as: 
I. Inorganic pollutants, 
II. Organic pollutants, 
III. Thermal pollutants, 
IV. Sediments. 
Inorganic anions, cations and organometallics formed 
during processing lead to inorganic pollution. These 
chemicals are toxic to aquatic life and some organisms. 
Pollution effects of some inorganic anions alongv/ith their 
sources (59-61) are presented in Table 1.2 whereas the 
literature related to thin-layer chromatographic studies of 
inorganic anionic pollutants, during last fourteen years is 
given in Table 1.3. 
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Table 1.2 : Sources and Environmental Effects of _inotganic 
Anionic Pollutants. 
Anionic 
pollutants 
S203~ , HSO; 
Sources 
Groundwater, waste 
waters from pulp 
and paper industry, 
distillary, mine 
drainage, and 
refinery. 
Environmental 
effects 
Highly toxic, 
causes corroison 
of concrete 
sev/ers. 
Se03". SeO^- Wastewaters from 
electronics and 
ceramic industries. 
Carcinogenic 
agents. 
3- 4-AsO-^  AsO 
3 ' 4 
Occurs in insecticides, 
fungicides, herbicides 
and fertilizer wastes. 
Prevents the ATP 
generation. 
MooJ ^Mo^^O^- Natural sources and 
industrial effluents 
Toxic to animals 
Cro|~ , ^^-P^ VJastewaters from 
e lec t rop la t ing and 
lea ther tanning 
i n d u s t r i e s . 
Carcinogenic 
agents . 
NO", NO3 Soil, Water and 
effluents. 
Hazardous to health, 
Causing child 
disease 
(Methemoglobinemia) 
Fe(CN)g * 
Fe(CN)^~ 
Electroplating, 
dyeing, textile 
printing and blue 
pigment industry 
waste. 
Toxic to some 
extent due to the 
presence of CN~ 
as ligand. 
CN Seeds of fruits, 
v/astewaters from 
electroplating and 
metal cleaning 
industries. 
Highly toxic, 
inhibits oxida-
tive enzymes. 
SCN Photographic and 
electroplating 
wastes. 
Elarmful to 
aquatic life. 
Contd, 
Contd.. Table 1.2 
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MnO; 
PO4 ' ^ 2^7' 
Mining industrial 
waste. 
Fertilizer waste 
Toxic to plants 
at higher levels. 
Alongwith NH3 
causes algal blooms 
Natural geological 
sources, industrial 
effluents 
Concentration at 
5 ng/L, causes 
dental and skeletal 
fluorosis. 
CI" Drinking water, sea 
V7ater, effluents 
from distillery and 
tanning industries. 
High content in 
water bodies harms 
metallic pipes and 
structures as v/ell 
as agricultural 
crops. 
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INTRODUCTION 
Detection, determination and separation of thio-
cyanate at lov7 levels in water and effluents, is important 
because of its applications as alkali thiocyanates in 
several fields including photography, catalysis, 
agro-chemicals, rust inhibition, dyeing, and printing of 
textiles. Thiocyanate is harmful to aquatic life, though, 
to lesser extent than cyanide. At high acidities, 
thiocyanate in the presence of oxidants produces cyanides 
(1) and thus causes lethal damage to aquatic life when 
thiocyanate containing wastewater is discharged into 
rivers. As a result, numerous methods have been developed 
for analysing solutions containing cyanide and thiocyanate. 
W.J. Williams (2) has admirably incapsulated the work done 
on separation and determination of thiocyanate. The 
chromatographic methods applied for separation includes ion 
exchange chromatography (3), thin-layer chromatography (4), 
thin-layer stick chromatography (5 ) and paper chromato-
graphy (6). On the other hand, densitometry (7,8), 
potentiometry (9), spectrophotometry (10), gas 
chromatography (11-15) and high performance (pressure) 
liquid chromatography (16-18) have been used for 
quantitative determination of thiocyanate. Most of these 
methods were not tested for their application in the 
analysis of polluted water and effluents. SCN~-Fe colour 
reaction has been used extensively in the spectrophoto-
metric determination of thiocyanate liut It suffors serious 
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interferences from wide range of anionic, cationic and 
phenolic species. With some modifications, this method was 
recommended for the determination of thiocyanate in 
industrial effluents. 
The discovery of ion chromatography in the mid-1970s 
enable the rapid simultaneous separation and sensitive 
determination of large number of anions (19-24). This 
technique has special advantages in anion analysis in an 
area where planar chromatography has been weak. It involves 
separation on a low capacity column and conductivity 
detection (25). One of the major problems with ion 
chromatography is that the relative retention times for 
species of interest vary widely reducing the number of 
species amenable to analysis in any one given sample 
injection. 
While, atomic absorption spectrometry is now well 
suited for the determination of inorganic cations, no such 
equivalent for the determination of anions exists. A highly 
sensitive and simple new ion-exchange-HPLC method for 
simultaneous determination of SCN~, Br~, I~, Cl~ and NO3 at 
sub ppm levels in ground water has been reported (26). More 
recently ion exchange chromatography-photometry (27) and 
paper chromatography (28) have been utilized for detection 
and determination of thiocyanate. 
Amongst chromatographic techniques, thin-layer 
chromatography has been more commonly used technique for 
the separation and dotormination of anions (29-32). All 
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these studies discuss mainly the separation and identifi-
cation of anions, not their determination in real 
environmental samples. On the other hand, a few 
spectrophotometric methods have been attempted for the 
quantification of anionic species in contrast to cationic 
species. This chapter describes a reliable and simple 
TLC-Spectrophotometric method for identification,separation 
and determination of thiocyanate in photographic waste, 
river and sea waters. 
MATERIALS AND METHODS 
Apparatus 
2 
TLC apparatus (Toshniwal, India) 20x3.6 cm glass 
2 
plates and 24.0x6.0 cm glass jars were used. Spectrophoto-
meter (Elico India, Ultra Spec. Model CL-54) and pH meter 
(Elico India, Model LI-IOT) were used. 
Test Solutions 
Test solutions were 1% (w/v) of following salts and 
prepared in double distilled water : 
3- 4_ _ _ _ 
(a) Potassium salts of Fe(CN)6 ' Fe(CN)6 ' 103. ^04' Br03, 
- - - - 2- 2-
Mn04, I , Br , CI , Cr04 and Cr^otl . 
(b) Sodium salts of NO2, NO3, WO4 , VO3, F~, S03~, Po|~ and 
MoOi 
(c) Ammonium salts of SCN~ and Mo 0^4 
Chemicals 
All the chemicals used, were of analar grade, 
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Acetone (CDH, INdia)^ ferric Chloride (Qualigen's), ammonium 
thiocyanate (E. Merck, India), cellulose mcrocrystalline 
(Romali, India) and Kieselguhr (CDH, India) were used. 
Detection Reagents : 
For visualization of anionic spots on chromatoplates 
following detection reagents were used. 
(a) 8.0% Ferric chloride solution in 2M HCl, for SCN , 
Fe(CN)-^~ and Fe(CN)'*~ 
6 6 
(b) 0.3% Diphenylamine solution in 4M H2SO. far NOI/NOZ 
IO4, lO^, BrOj, MnO~ VO3 and WO^ 
(c) Saturated Silver Nitrate solution in methenol for I~, 
Br~, Cl~, F~, SO3", Cro|~, Cr207~and P0-^~ 
(d) 0.5% Pyrogallol solution in methanol for MoOl" and 
M0706-
Mobile Phases : 
Mixtures of O.IM NH^OH and Me^Co (1:9, 3:7, 5:5, 7:3 
and 9:1 v/v) were used as mobile phases-
Stationary Phases : 
Following adsorbents were used for the preparation 
of chromatoplates. 
A, = Cellulose microcrystalline 
A~ = Cellulose + Ki^elguhr (4:l,w/w) 
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A- = Cellulose + Kieselguhr (3:2, w/w) 
A. = Kieselguhr 'G' 
Preparation of Chromatopiates : 
For the preparation of plain TLC plates, cellulose 
microcrystalline kieselguhr was subjected to make slurry in 
double distilled water while in case of mixed sorbent 
layers, cellulose and kieselguhr were mixed together in the 
ratio 3:2 or 4:1 by weight and the resultant mixture was 
used to prepare slurry. Slurry was applied onto the well 
cleaned glass plates to give a layer of 0.25 mm in 
thickness. No additional binder was added. Plates were dried 
at rom temperature and then activated at 100 ± 2°C for one 
hour. The activated plates were stored in a desiccator till 
use. 
Preparation of Fortfied Environmental Samples : 
To prepare spiked sea water, 100 mgs of NH.SCN was 
dissoved in 100 ml of actual sea water (collected from 
Anjuna Beach, Goa, India). From this solution, 4 ml, 6 ml 
and 8 ml were pipetted out and diluted to 10 ml each to give 
spiked sea water having NH.SCN concentrations of 0.4, 0.6 
and 0.8 mg/ml. The same procedure was adopted to obtain 
spiked river water (collected from Ganga, Rajghat, India) 
and photographic wastewater, (from Aligarh, India). 
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PROCEDURE 
The entire methodology for the determination of 
thiocyanate was carried out through three steps, as, 
(i) Chromatography of Anions : 
To investigate the retention behaviour of anions, 
the test solution (0.01 ml) of correspondig anion was loaded 
on the activated TLC plates with the aid of micropipette at 
3 cm above the lower edge of chromatoplate. The spot was 
dried at room temperature and then the plate was developed 
in a presaturated glass jars (saturation time 10 min.) 
cotaining 20 ml of mobile phase, by ascending technique, 
keeping ascent to 10 cm in all cases. After development, the 
plate was air dried and the detection reagent was sprayed on 
it, to visualize the location of migrated anion on the 
chromatogram. The R^ value of anion was calculated as, 
T, _ Distance, travelled by analyte 
Distance, travelled by mobile phase 
Distances, travelled by both» analyte and mobile 
phase were measured from the point of application of the 
analyte species. For mutual separations, anions, showing 
difference in R^ . values were mixed together in 1:1 ratio and 
0.02 ml of resultant mixture was loaded onto TLC plate. The plate 
was developed with the mixed solvent system containing 0.IM 
NH.ori and the separated anions were detected using 
appropriate detection reagent. 
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In order to examine the effect of sample pH on the 
separation of SCN~ from Br" and NO2, various mixtures of 
test samples (NH SCN + KBr and NH.SCN + NaNO^. 1:1 v/v) were 
brought to required pH values i.e. from 3.0 to 12.3 by 
adding either glacial acetic acid or sodium hydroxide 
solution. An aliquote (0.02 ml) of these solutions were 
loaded on the chromatoplates and the R^ values of the 
separated anions were determined. To study the effect of 
amines, phenols, coloured cations and complexing anions on 
the separation of SCN from Br and NO2 following approaches 
were adopted. 
(a) 0.2 ml of sample solution containing SCN~ and Br~ or N0~ 
(1:1, v/v) was spotted onto the TLC plate and the spot 
was dried. It was followed by spotting 0.03 ml of 1% 
alcoholic solution of a phenol (phenol, resorcinol or 
pyrogallol) or an amine (2-nitroaniline, -naphthylamine 
or diphenylamine). After drying the spot, the plate was 
developed. The resolved spots of anions were detected 
and the R^ values were determined. For studying the 
effect of coloured cations and complexing anions on the 
separation of SCN , 1% aqueous solutions of coloured 
2+ 2+ 3+ 
cations (Cu , Mn or Bi or complexing anions 
CH.COO" or C.O?-)' ^^^^^^ ^^^ ^^^^2 or KBr were 
3 2 4 
mixed (8:1:1, v/v). 0.1 ml of this mixture was 
loaded on the TLC plates and the plates were 
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developed. The anionic spots were detected and the R^ 
2 + 
values were determined. Similarly, the effect of Zn , 
Pb , Al and Bi was also examined on the 
separation of SCN~ from its ternary mixtures containing 
VO^/ BrOo/ NOZ/ F~, MoO^ and Fe(CN)g~. It is important 
because the salts of zinc, bismuth, lead and aluminium, 
generally interfere in the detection of thiocyanate. 
(ii) Quantitative Determination : 
Spectrophotometry was used for the quantitation of 
thiocyanate. In order to draw the standard calibration 
curve, 0.1 ml of stock solutions (0.2 - 2.0 mg/ml) of 
ammonium thiocyanate was mixed with 12 ml of double 
distilled water to prepare twelve solutions having different 
amounts of thiocyanate. In each sample solution, 0.4 ml (10 
drops) of chromogenic reagent (8.0% ferric chloride in 2M 
HCl) solution was added for the development of colour. The 
optical densities of the developed colour was measured at 
460 nm ( ^ max). The Beer's law obeys in the concentration 
range 0-16 ^g/ml of ammonium thiocyanate. 
For TLC - Spectrophotometric determination of 
thiocyanate, its known amount (20-200 ug as ammonium 
thiocyanate) along with foreign anions were spotted on TLC 
plate by using a micropipette and the plate was developed 
with O.lM NH^OH - He^CO (1:9). A pilot plate was 
simultaneously employed in order to locate the exact 
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position of thiocyanate spot on the working plate. From the 
chromatogram, thiocyanate aliquot was scraped and 
thiocyanate was extracted with 10 ml of distilled water. 
For complete extraction of 200 ug thiocyanate 10 ml water 
was sufficient. The adsorbent was separated from solution 
and washed with 2.0 ml of distilled water. Thus, total 
volume of water was kept to 12 ml in each sample. To the 
filtrate, 0.4 ml of chromogenic reagent solution was added 
for the colour development. The absorbance for each sample 
was measured agaist a reagent blank and the amount of 
thiocyanate was determined from the calibration curve. Five 
replicate values were taken for each determination. 
(iii) Recovery from Environmental Samples: 
For investigating the recovery of SCN from spiked water 
samples (photographic waste, river and sea waters), sample 
solutions having different concentrations (0.4, 0.6, 0.8 and 
1.0 mg/ml) were prepared in each case. Spiked water sample 
(0.1 ml) was loaded onto the TLC plate. After development 
of plate in NH OH - Me CO (1:9). The position of 
thiocyanate spot was detected and the thiocyanate was 
extracted with the same volume of double distilled water and 
then it was determined spectrophotometrically as described 
above. The amounts of thiocyanate recovered and loaded were 
compared and the relative error in the recovery of 
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thiocyanate as well as relative standard deviation were 
calculated. 
RESULTS AND DISCUSSION 
(a) Qualitative Studies : 
The results of this study have been summerized in figures 
(2.1 - 2.3) and tables (2.1 - 2.5). In all, 18 inorganic 
anions were chromatographed on celulose, kieselguhr and 
mixed cellulose - kieselguhr thin layers by ascending 
technique using basic aqueous - organic mobile phase 
2" 
containing ammonia and acetone in different ratios. WO* and 
CI on mixed layers while WO^ , Cl and F on individual 
sorbent layers could not be detected. Separation 
possibilities of anions decreases with increasing 
concentration of ammonia in the mobile phase. As a result 
mobile phases containing 70-90% acetoney' 30-10% 0.IM 
aqueous ammonia were found better solvent systems from the 
point of view of separation potentiality, compactness and 
clear detection of resolved spots. Generally,and mobility of 
anions, is increased with increasing concentration of NH.OH 
in the mobile phase (Table 2.1). With NH.OH - Me-CO (9:1), 
all anions move with the solvent front (h R^'^90) regardless 
the nature of layer material. Thus 0.IM NH.OH + Me^CO (1:9, 
v/v) proved to be the best mobile phase. Similarly, better 
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separation possibilities were shown by cellulose 
kieselguhr (4:1) layers compared to the other sorbent layers 
(Table 2.2).^s evident from table 2.2 the Rp values on a 
mixed cellulose-kieselguhr layer, differ from those, on 
plain cellulose or kieselguhr with a given solvent system. 
This is because of the additive effects of both the 
adsorbents as separation factor. Thus, 0.IM NH.OH-Me_CO (1: 
9) in combination with cellulose + kieselguhr (4:1) was the 
best chromatographic system for qualitative as well as 
quantitative analysis of anions. Therefore, this system was 
selected for detailed studies for the separation and 
quantitative determination of SCN . Applying this chromato-
graphic system, some important separations of I , Br , F , 
N0~ BrO" P 0 ^ ~ , l O " I 0 ~ F e ( C N ) ^ ~ , F e ( C N ) ^ ~ , ' ^ rO^~ , MoO^" 2 3 4 J 4 6 6 4 4 
V0_ and SCN were experimentally achieved (Table 2.3). 
In order to widen the applicability of developed 
planar chromatographic method, an attempt has been made to 
study the effect of amines, phenols, sample pH, cations and 
organic anions on the separation of SCN~ from accompanying 
anions (i.e. Br , N02)- The separation of SCN~ (R-
0.90-0.72) or I~ (R^ , 0.80-0.75) is always possible from a 
sample containing colourless counter ions (Zn " , Pb , Al 
Bi ) which usually interfere in the detection of SCN~ in 
solutions with some respects. The mixtures of SCN~ + N0~ 
2 
and SCN + Br were readily resolved over a wide pH range 
(3.0-12.0) of sample solution. Similarly phenols, amines. 
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?+ 2+ 2" 
coloured cations (Cu , Mn ), complexing anions (C2O4 , 
2-4. 
CH^COO ) and UOo do not exert any adverse effect on the 
separation and detection of SCN~ (R = 0.85-0.75) from Br~ 
(R 0.35-0.25) and NO2 (Rp 0.42-0.30). The detection of 
SCN~ in the presence of coloured cations becomes tedious. 
In such situation TLC method can be advantageously used as 
inexpensive tool. 
To understand the sorption process of anions, the 
hR values (R„ x 100) were calculated for all anions and the 
F F 
average hR was obtained for different anions. A plot F 
between average hR„ and the number of unit charges, present 
on anions (Fig. 2.1) shows two straight lines, intersecting 
at a point corresponding to the charge of 3 on the anion. 
From figure 2.1, it can be concluded that anions bearing 
lower charge, are more mobile compared to the anions of 
higher charge which show greater affinity to the stationary 
phase. It has also been observed that in general, the 
non-metallic anions (SCN~, N0~ So" T0~, BrO~ I~, Br~ and 
- 3-
F ) move faster compared to metallic anions [Fe(CN)g , 
Fe(CN)g~, WO^", VO3, CrO^^", Cr^O^~, MoO^~ and Mo^024 ] 
which tend to form insoluble salts with the constituents of 
stationary phase. Kieselguhr has very low surface activity 
and composed of Si02 (90%), P'e^ O^ . ^^2^3' '*^^°' ^^7'^' ^2^' 
CaO and TiO in different proportions represents the 10% of 
the kieselguhr material. Microcrystalline cellulose, an 
essentially inert organic stationary phase, decreases the 
activity of kieselguhr by dilution effect to bring out the 
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the altered retention of anions on the mixed support. 
Quantitative Studies 
The proposed TLC system has been applied for 
determining SCN , present at microgram level in various 
water samples. A well known colour reaction of SCN was 
adopted for its quantitative determination. A red-brown 
coloured complex, thiocyanate Iron(III) chloride is' formed 
as below, 
NH4SCN + FeCl^ > [Fe(SCN)]Cl- + NH.Cl 
The reaction was carried out in acidic medium (i.e. 
in 2ri HCl) to check the hydrolysis. The complex absorbs 
incident radiation and follow Beer's law over the 
concentration range, i.e. 0-16 ug NH.SCN/ml (Fig. 2.2). The 
results of spectrophotometric determination of SCN after 
4_ _ 
Its separation from an excess of VO 3, Fe(CN)g , F and 
2-CrO. are listed m table 2.4. The recovery studies of SCN 
were carried out using photographic wastewater, river water 
and sea water fortified with NH.SCN 6.4-8.0 ug/ml. A 0.1 ml 
aliquote of fortified water sample was spotted for TLC 
analysis. Four triplicates each of fortified samples were 
analysed to test the accuracy and precision of the method. 
The average recovery was in the range of 93-103%. The 
relative standard deviation v/as <104.42 ppt (table 2.5). 
The comparison of data listed in tables 2.4 and 2.5 shows 
that the accuracy and precision for TLC-spectrophotometric 
method i.s lowered on shifting from analysing synthetic 
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mixtures to fortified environmental or natural samples. The 
histogram (Fig. 2.30) show a comparative study on the work 
done for the quantitative determination of SCN with 
respect to different analytical techniques. During 1981-92, 
only one publication is reported in 'Chemical Abstracts' on 
the spectrophotometric determination of SCN while twenty 
references are reported using different techniques for the 
quantitation of SCN . 
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Table 2.1 : hRr. Values of Some Anions, Achieved on Cellulose 
r 
Microcrystalline Thin-Layers Developed with 
Different Mobile Phases. 
, . hR„ values with O.lM NH.OH-MeTCO 
Anions F 4^ ' "=2 
1:9 3:7 5:5 7:3 9:1 
NO-
IO4 
IO3 
BrO-
I" 
Br" 
Cro2-
rioo^ -
"O7O24 
21 
07 
08 
14 
56 
18 
10 
09 
07 
76 
31 
21 
64 
91 
78 
23 
24 
24 
82 
60 
62 
91 
92 
91 
70 
83 
76 
91 
85 
88 
90 
92 
92 
90 
90 
88 
93 
93 
94 
91 
92 
93 
95 
93 
92 
PlnO^  remains at the point of application in all solvent 
systems. 
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Table 2.2 : Comparison of hRp Values Achieved on Different 
Sorbent Phases, Developed with O.lM NH.OH-MejCO 
(1:9). 
Anions 
h Rp values, achieved on 
Cellulose micro- Cellulose + Cellulose + Kiesel-
crystalline Kieselguhr Kieselguhr guhr 'G' 
4:1 3:2 
SCN 
NO" 
IO3 
IO4 
BrOj 
VO3 
F~ 
Br~ 
I" 
Cro|-
CrjO^-
Moo|" 
po|-
Fe(CN)g" 
Fe(CN)g" 
MO7O6-
49 
21 
08 
07 
14 
00 
ND 
18 
56 
10 
15 
09 
08 
00 
00 
07 
79 
21 
00 
00 
14 
00 
05 
24 
69 
08 
15 
05 
04 
00 
00 
07 
90 
32 
00 
00 
19 
00 
09 
39 
71 
10 
15 
10 
05 
07 
00 
09 
95 
85 
00 
89 
92 
06 
ND 
ND 
89 
41 T 
45 T 
36 T 
07 
78 
00 
29 T 
T = Tailing (R,-R„ > 0 . 3 ) ; ND = Not detected 
ij L 
.2-WO4 and Cl~ could not be detected on any layer. 
56 
Table 2.3 Experimentally Achieved Ternary Separations on 
Cellulose - Kieselguhr Mixed (4:l,w/w) Sorbent 
Layers, Using A Mixture, Aq. NH^ - Me2C0 (1:9, v/v)As 
Mobile Phase. 
Separations ( Rj= - Rm) 
Fe TCN)^~ (0.10-0.00) 
Fe ICN)^" 0.17-0.00) 
'Fe (CN)|-
Fe (CN)|-
MoO 2-
*Mo0|~ 
CrO' 
*CrO^~ 
vo: 
vo: 
PO 3-
PO 3-
*F-
*F-
lo: 
lo: 
TO: 
lo: 
(0.10-0.00) 
(0.11-0.00) 
(0.10-0.00) 
(0.10-0.00) 
(0.23-0.00) 
(0.15-0.00) 
(0.12-0.00) 
(0.10-0.00) 
(0.13-0.00) 
(0.13-0.00) 
(0.15-0.00) 
(0.10-0.00) 
(0.12-0.00) 
(0.12-0.00) 
(0.12-0.00) 
(0.11-0.00) 
(1.18-0.00) 
Br03 
NO2 
Br03 
NO2 
Br03 
NO2 
NO-
Br~ 
BrO^ 
NO-
Br03 
NO2 
Br03 
NO2 
Br" 
BrO^ 
NO2 
BrO^ 
NO:: 
(0.47 
(0.50 
(0.54 
(0.48 
(0.42 
(0.53 
(0.54-
(0.50-
(0.50-
(0.52-
(0.54-
(0.52-
(0.55-
(0.53-
(0.40-
(0.47-
(0.46-
(0.52-
(0.65-
-0.28) 
-0.28) 
-0.28) 
-0.28) 
-0.22) 
-0.30) 
-0.35) 
-0.23) 
-0.30) 
-0.30) 
•0.32) 
•0.33) 
•0.28) 
•0.30) 
•0.21) 
•0.25) 
•0.28) 
•0. 30) 
0.50) 
SCN"(1.00-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
I- (0.82-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
I- (0.86-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
SCN-(1.00-
•0.84) 
•0.80) 
•0.91) 
•0.72) 
•0.78) 
•0.74) 
•0.85) 
•0.58) 
0.86) 
0.78) 
0.88) 
0.70) 
0.90) 
0.71) 
0.65) 
0.90) 
0.72) 
0.92) 
0.83) 
Separations selected for the investigation of cationic effect. 
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Table 2.4 : Spectrophotometric Determination of Thiocyanate 
After Its Separation From large Excess (0-5-1.0 
rag) of VO3, Fe(CN)g , F~ and CroJ~, 
Amount of 
SCN~ loaded 
15.26 
30.52 
45.78 
61.04 
76.30 
91.56 
106.82 
122.08 
137.34 
152.60 
Amount of 
SCN~ reco-
vered (Ug) 
14.94 
29.65 
48.07 
62.57 
74.01 
93.92 
110.24 
119.03 
134.29 
157.18 
Relative 
Error 
(ppt) 
20.86 
28.38 
-50.02 
-25.06 
30.01 
-25.78 
-32.06 
24.98 
22.21 
-30.01 
Relative 
Standard 
deviation 
(ppt) 
104.42 
81.65 
70.59 
50.51 
43.29 
28.07 
29.56 
26.85 
21.24 
25.15 
Molar Absorp-
tion coefficient 
(litre Mole'^ cm"''") 
2.8544x10-' 
2.8544x10^ 
3.0207x10^ 
2.9009x10^ 
2.9432x10^ 
2.5395x10^ 
2.8548x10^ 
3.0499x10^ 
2.9736x10^ 
2.7254x10^ 
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Table 2.5 : Recovery of Thiocyanate From Spiked Environmental 
Samples. 
Spiked 
Samples 
Photographic 
Waste Water 
(pH 9.4) 
River Water 
(pH 8.2) 
Sea Water 
(pH 8) 
Amount of 
SCN" 
loaded 
30.52 
45.78 
61.08 
76.30 
30.52 
45.78 
61.08 
76.30 
30.52 
45.78 
61.08 
76.30 
Amount of 
SCN~ 
Recovered 
(fig) 
28.23 
47.30 
60.28 
71.55 
28.99 
44.25 
60.28 
83.25 
28.99 
44.25 
62.57 
77.83 
Percentage 
Recovery 
(%) 
92.50 
93.78 
98.69 
103.32 
94.99 
96.66 
96.00 
98.69 
94.99 
96.66 
102.44 
102.00 
Relative 
Standard 
Deviatioi 
(PPt) 
93.76 
55.99 
54.18 
107.01 
99.08 
78.28 
70.87 
56.29 
99.08 
75.67 
65.89 
54.51 
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100 
^ 60 
UJ 
S A O 
a: 
UJ 
^ 20 
r 100 r-
.'0 
J 
100 r 
80 
^ 60 
S AOh 
Q: 
^ 2 0 
1 2 3 A 5 6 
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± J 
1 2 3 A 5 6 
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u. 
CC 
UJ 
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< 
cc 
UJ 
< 
80 
60 
AO -
20 
0 
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100 r 
80 
^ 6 0 
UJ 
^ A O 
cr 
^ 20 -
< 
0 
1 2 3 A 5 6 
NUMBER OF UNIT CHARGES 
X X J 
1 2 3 A 5 6 
NUMBER OF UNIT CHARGES 
Fig. 2.1 : Changes in Average hR^ of Anions with respect to 
the Number of Unit Charges Present on Then. 
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1.6 32 A.8 6.A 8.0 9-6 11.2 12.8 lA.A 16.0 
NH4SCN CONCENTRATION ( ^ g / m l ) 
Fig. 2.2 : Standard Calibration Curve For Spectrophotometric 
Determination of SCN . 
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Fig. 2.3 : Comparative Study of Work Done For Quantifi-
cation of SCN~ on Different Determination 
Techniques (1981-1992). 
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